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ABSTRACT  
The effects of pre-treatment in osmotic salt solution followed by oven-drying on the moisture removal, and β-carotene 
content of yellow-fleshed sweet potato were investigated. Potato rings of 3 cm diameter and thicknesses of 2 
mm, 3 mm and 4 mm were soaked in NaCl solutions of 10, 15, 20, 25 and 30% w/v, for varying time of 20, 40, 
60, 80 and 100 minutes. The pre-treated slices were then oven-dried in a convective oven at 60
o
C. Moisture 
diffusivity was determined by the method of slopes, while β-carotene was measured by UV/VIS- spectrophotometer. 
Moisture diffusivity values during drying were between 3.648 × 10
-7
 m
2
/s and 1.459 × 10
-6
 m
2
/s, while losses in β-
carotene ranged from 47 to 86%. The amount of water removed by pre–treatment with NaCl solution decreased 
significantly as the concentration and the time soaking increased, however, the water out flow was found to 
increase significantly with increase in thickness of the samples, where the 4 mm size had the highest (1.535 g 
H2O/g sample) and 2 mm the least (1.434 g H2O/g sample) Osmotic pre-treatment in salt solution had no effect 
on β-carotene, but subsequent oven-drying however degraded the β-carotene. 
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Introduction  
The fundamental purpose of food dehydration is to 
lower the water content of the food in order to 
minimise rates of chemical reaction and microbial 
attack and to facilitate distribution and storage. 
According to Tortoe et al. (2007), osmotic 
dehydration is the process of water removal by 
immersion of water-containing cellular solid in a 
concentrated aqueous solution. Osmotic 
dehydration of food using saline or sugar solution 
results in three types of mass transfer phenomenon 
namely; water outflow from the food tissue to 
the osmotic solution; a solute transfer from the 
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osmotic solution to the food tissue and a leaching out of 
the food tissue’s own solutes (sugar, organic acids, 
minerals, vitamins) into the osmotic solution.  
Even though water transfer from the food tissue to the 
osmotic solution predominates, the leaching out of 
solutes from the food tissue can have effect on the 
organoleptic and nutritional quality of the dehydrated 
product (Ali et al., 2010; Tortoe, 2010). 
 
Osmotic dehydration is used as a pre-treatment step to 
improve nutritional, sensorial and functional properties 
of food without changing its integrity. It is also 
employed as a pre-drying step before foods are 
subjected to other drying techniques, to reduce the 
exposure of food as well as reduce the energy 
consumption in the drying process (Brooks et al., 
2008; Tortoe, 2010). It is reported that up to 50% of 
the initial moisture content of some food products 
26  Nigerian Food Journal Vol. 32 No. 2, 2014 ... Full Length Article 
 
can be removed in this way (Wais et al., 2004; 
Tortoe, 2010). Factors such as temperature of 
the osmotic solution, type of osmotic agent, 
duration of exposure, concentration of the osmotic 
solution and geometry (size) of the food 
material can affect mass transfer during 
osmotic dehydration (Tortoe, 2010). 
 
Sweet potato is one of the most promising plant 
sources of β-carotene which is considered the most 
important pro-vitamin A component in carotenoid 
rich foods (Sanusi and Adebiyi, 2009; Eluagu 
and Onimawo, 2010). In comparison to other 
major staple food crops, sweet potato has high 
nutritional value and sensory versatility in terms 
of flesh, colours, taste and texture, and is rich in β-
carotene, anthocyannins, total phenolics, dietary 
fibre, ascorbic acid, folic acid and minerals 
(Troung and Avula, 2010). The method of 
processing of a food material has profound effect 
on the quality of the final product. 
 
Although several works are available in 
literature on osmotic dehydration, the effects of 
osmotic dewatering and oven drying has not 
been carried out on yellow-fleshed sweet 
potato that is common in tropical Africa. 
 
The objectives of this study were to investigate the 
effect of osmotic dewatering with sodium chloride 
solution on moisture removal and diffusivity of 
sliced yellow-fleshed sweet potato (Ipomea 
batatas L.) and the effect on β-carotene content. 
 
Materials and Methods  
The yellow-fleshed sweet potato samples used in 
this work were purchased from a local market in Uyo, 
Akwa Ibom state. The sweet potato tubers were peeled 
and sliced to obtain rings of 2, 3 and 4 mm 
thickness, and average diameter of 3 cm. These 
slices were soaked in osmotic solutions of NaCl 
(10, 15 20, 25 and 30% w/v). The potato slices 
were steeped out from the salt solutions at intervals of 
20, 40, 60, 80 and 100 min. The moisture at the 
surface of the samples was dried with cellulose acetate 
paper before weighing and subsequent oven- 
 
drying. A portion of the tuber was equally sliced to 
the respective thickness but was not soaked in the 
osmotic solution and referred to as the untreated 
samples. The treated and untreated were subjected 
to moisture analysis as the samples were weighed 
and placed in single layers on pre-weighed drying 
trays, and thereafter loaded into a convective oven  
(Model DHG-9109 by Life Care Medical Ltd) 
with the temperature set at 60
o
C to oven-dry. 
The drying trays were weighed at intervals of 
30 min during the drying process after cooling 
in the desiccators. Drying was continued until 
the trays plus content attained a constant weight. 
 
Determination of moisture diffusivity  
The method of slopes was used in the estimation 
of moisture diffusivity of the slices during oven-
drying (Leng, 2011). The sweet potato 
slices were treated as infinite slabs (Leng, 
2011). The calculation of moisture diffusivity 
was based on Fick’s diffusion model, which 
analytical solution is given in equation (1.1).  
MR = M – Me = 8 exp (π
2
 D t/4 d
2
)..................1.1 
Mo – Me π2 
Where MR is the moisture ratio; M is the 
moisture content (g H2O/g DM) at time ‘t’; Me 
is the equilibrium moisture content (g H2O/g 
DM); Mo is the initial moisture content (g 
H2O/g DM); ‘t’ is the drying time (sec.); ‘d’ is 
one-half of the thickness of the slab (m); and 
‘D’ is the moisture diffusivity (m
2
/s). 
 
Linearizing equation (1.1) gave equation (1.2), 
which was used in estimating the moisture 
diffusivity during the drying process, by plotting ln 
MR against time ‘t’ (Tunde-Akintunde and 
Afon, 2009). 
 
ln MR = ln (8/π
2
) – (π
2
 D t / 4 d
2
) ................ 1.2 
 
Determination of β-carotene  
The extraction, saponification and partitioning 
of β-carotene in the dried samples were carried-out 
as follows. The dried sweet potato slices were 
ground into powder using a pestle and mortar. 
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Two grammes (2 g) of the grounded sample was 
extracted with 10 ml of acetone, and filtered after 
30 min. To the filtrate was added 5 ml of H2O 
followed by 10 ml of ether to produce two layers.  
The ether extracts were then dried and evaporated 
below 35
o
C. The residue was dissolved in 10 ml of 
90% ethanol, to which 1.0 ml of 60% KOH was 
added, and left overnight in the dark at room 
temperature. Thereafter, 10 ml of diethyl ether was 
added, and the mixture was left overnight over ice. 
Quantification of the β-carotene content was 
accomplished using a UV-VIS spectrophotometer 
(Spectrum 23A, by Gallenkomp, England) with the 
wavelength set at 450 nm (Harborne, 1998). 
 
Preparation of the standard curve for β-carotene 
 
Different concentrations of the standard solutions 
were prepared using 97% UV β-carotene standard 
 
Table 1: The composition of whole (unpeeled) 
yellow-fleshed sweet potato 
 
Parameter Value 
  
Moisture Content 67.2% 
β-Carotene 2.752 (µg/g dry sample) 
  
 
 
Statistical analysis  
The instantaneous values obtained from experi-
mental data for amount of moisture out flow 
and moisture diffusivity were subjected to 
analysis of variance (ANOVA) using the SAS 
8 on Microsoft windows (2000). 
 
Results and Discussion  
β-carotene standard curve  
The β-carotene standard shown in Fig. 3 relates 
the absorbance against the concentration 
(µg/ml). The fitted regression equation was 
linear with intercept at -0.003. The R
2
 of 0.99 
shows that the predictive model was adequate in 
predicting the concentration of β-carotene. 
 
from Sigma-Aldrich. A portion of the β-carotene 
standard weighing 0.01 g was dissolved in 10 ml 
diethyl ether and the volume was made up to 100 
ml with diethyl ether, hence, providing the stock 
solution of 100 µg/ml. A working standard of 10 
µg/ml was prepared from the 100 ml stock solution, 
and varying concentrations of standard solutions were 
prepared. The absorbance (A) of each solution was 
measured using the UV-VIS spectrophotometer at 
450 nm wave length. A standard curve of 
absorbance against concentration was then plotted as 
shown in Fig. 1. The β-carotene content of each potato 
slice sample was determined by reading its absorbance 
at 450 nm on the standard curve. The absorbance 
were read in duplicate, and the average values reported 
(Sanusi and Adebiyi, 2009). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1: β-Carotene standard curve 
 
Osmotic dewatering  
Table 2 shows effects of soaking time on moisture content 
and mass diffusivity of potato slices. The 20 min of 
soaking had highest amount of water (1.578 g H2O/g 
sample) out flow from the potato tissue while the least 
value of 1.4234 g H2O/g sample was obtained for 100 
min of soaking in salt solution.  
Also the values obtained for mass diffusivity did not 
differ significantly (p > 0.05) as the soaking time 
increases. The decrease in moisture out flow 
might be attributed to solid food material build up on 
the surface which decreased the tissue pore 
size and restrained water out flow (Alakali et al., 
2008; Ali et al., 2010; Aminzadeh et al., 2010). 
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Table 2:  Effects of soaking time on moisture content and mass diffusivity of potato slices 
 
Time (min) 20 40 60 80 100 
      
Moisture (g H O/g sample) 1.578
a 
1.5032
b 
1.4751
b 
1.4302
c 
1.4234
c 
2 
8.9906 x 10
-7a 
9.003 x 10
-7a 
8.89 x 10
-7a 
9.0644 x 10
-7a 
8.890 x 10
-7a 
Mass diffusivity(m/s)  
Values are means of triplicate determination, means with same alphabet along the row did not differ significantly at p = 0.05. 
 
 
The effects of varying salt concentration on moisture 
content and moisture diffusivity of potato slices are 
shown in Table 3. The water out flow showed a 
significant decrease (p < 0.05) with the highest out 
flow at 10% salt concentration (1.609 g H2O/g 
sample) while the 30% salt concentration had the 
least (1.126 g H2O/g sample). The decrease in 
moisture content due to increase in concentration of 
osmotic solution might be attributed to increased 
osmotic concentration gradient between the osmotic 
solution and the solid food material as well as tissue 
modification which increases the permeability of 
water through the tissue of the food material  
(Alakali et al., 2008). Tortoe (2010), reported 
that studies have shown that a dense solute-barrier 
layer is formed at the surface of the food material 
when the concentration of the osmotic solution is 
increased, thereby enhancing the dewatering effect. 
The effect of potato slice thickness on its moisture 
content and moisture diffusivity is shown in Table  
4. The amount of water removed increased with 
the sample thickness; with the 4 mm size having 
the highest (1.535 g H2O/g sample) while 2 mm 
size had the least (1.434 g H2O/g sample). 
 
The corresponding values for moisture diffusivity 
showed significant increase (p < 0.05) with 
increase in sample thickness in which the 4 mm 
size had the highest 1.283 × 10 m
2
/s as shown in 
Table 4. It thus appears that moisture diffusivity 
depends on slice thickness, as the larger slice had higher 
values of diffusivities. The higher values observed for 
larger slices may have resulted from the collapse of cell 
walls in the skin layer during pre-treatment. A similar 
trend was reported for blanched sweet potato slices and 
blanched yam slices by other researchers (Falade 
and Solademi, 2010; Leng et al., 
 
 
2011). Other workers reported similar diffusivity 
values such as: 1.25 × 10
-10
 to 9.75 × 10
-9
 (m
2
/s) 
for blanched sweet potato (Falade and Solademi, 
2010); 7.31 × 10
-7
 to 8.06 × 10
-7
 (m
2
/s) for pre-
treated cassava chips (Tunde-Akintunde and Afon, 
2008); 3.489 × 10
-12
 to 1.857 × 10
-6
 (m
2
/s ) for pre-
treated plantain chips (Alakali et al., 2008). 
 
Generally, the effects of the duration of soaking, 
osmotic solution concentration and sample size 
on moisture content reported in the present study, is 
in agreement with the report for similar studies on 
banana, tomato and melon (Alakali et al., 2008; 
Ali et al., 2010; Aminzadeh et al., 2010). 
 
Contrary to what was observed in this study, Alakali et 
al. (2008), reported an increase in diffusivity with 
increase in the concentration of the osmotic solution. In 
general, moisture diffusivity would be influenced by 
shrinkage, case hardening during drying, initial 
moisture content and temperature of the material 
(Mudgal and Pande, 2007). The experimental 
instantaneous amount of water out flow and the 
moisture diffusivity are presented in Table 5 and 
Table 6 respectively. Table 5 reveals that after 
treatment with varying concentration of NaCl solution 
for the increasing durations of soaking resulted to 
decrease in the moisture content the slices. This might 
be attributed to increase in osmotic gradient between the 
salt solution and the solid food material as well as the 
tissue modification increased the permeability of water 
through the plant tissue. Larger slices however 
retained more moisture than the thin slice thickness. 
On the other hand, the moisture diffusivity values which 
ranged from 3.65 × 10
-7
 to 5.84 × 10
-7
 m
2
/s was 
obtained for the 2 mm tuber slice, the range of 7.11 
× 10
-7
 to 1.09 × 10
-6
 m
2
/s for the 3 mm thickness, 
while the 
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4 mm slice had moisture diffusivity which ranged from 
1.07 × 10
-6
 to 1.46 × 10
-6
 m
2
/s as shown in Table 6. 
These values however are within the range 
 
of 10
-11
 and 10
-6
 earlier reported by Tunde-Akintunde 
and Afon (2009) as suitable for food materials. 
 
 
Table 3: Effects of varying salt concentration on moisture content and mass diffusivity of potato slices 
 
Salt Conc (%) Untreated 10 15 20 25 30 
       
Moisture       
(g H2O/g sample) 2.047
a 
1.609
b 
1.492
c 
1.377
d 
1.241
e 
1.126
f 
Mass diffusivity(m
2
/s) 9.357 x 10
-7a 
8.901 x 10
-7ab 
8.621x10
-7b 
8.968x10
-7ab 
8.934x10
-7ab 
8.621 x 10
-7ab 
 
Values are means of triplicate determination, means with same alphabet along the row did not differ significantly at p = 0.05. 
 
 
 
Table 4: Effects of potato slice thickness on moisture content and mass diffusivity of potato slices 
 
Slice thickness 2 mm 3 mm 4 mm 
Moisture (g H2O/g sample) 1.434
c 
1.477
b 
1.535
a 
Mass diffusivity (m
2
/s) 4.6 x 10
-7c 
9.279 x 10
-7b 
1.283 x 10
-6a 
 
Values are means of triplicate determination, means with same alphabet along the row did not differ significantly at p = 0.05. 
 
 
Table 5: Instantaneous values of moisture content of slices after osmotic treatment with NaCl solutions 
(gH2O/g DM) 
 
Sample NaCl Time of soaking (min)     
Size (% wt/vol)      
(mm)  20 40 60 80 100 
       
 10 1.575 1.552 1.518 1.389 1.569 
 15 1.500 1.397 1.354 1.338 1.471 
 20 1.441 1.276 1.346 1.310 1.338 
2 25 1.258 1.227 1.169 1.232 1.279 
 30 1.121 1.029 1.036 1.029 1.032 
 Untreated 2.047 2.047 2.047 2.047 2.047 
 10 1.743 1.710 1.658 1.522 1.486 
 15 1.616 1.551 1.485 1.438 1.384 
 20 1.500 1.354 1.380 1.313 1.316 
3 25 1.375 1.242 1.206 1.153 1.044 
 30 1.286 1.152 1.097 1.082 0.974 
 Untreated 2.047 2.047 2.047 2.047 2.047 
 10 1.862 1.779 1.694 1.565 1.518 
 15 1.649 1.643 1.565 1.500 1.488 
 20 1.565 1.417 1.400 1.356 1.349 
4 25 1.443 1.310 1.275 1.225 1.173 
 30 1.337 1.277 1.227 1.151 1.060 
 Untreated 2.047 2.047 2.047 2.047 2.047 
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β-Carotene Content  
The β-carotene content of the treated potato slices and 
the untreated slices (N/T) as affected by tuber 
thickness and soaking duration are shown in Fig. 
2, 3, 4 and 5 for the respective NaCl solutions.  
The β-carotene content of dried samples showed 
no differences amongst the various pre-treatment 
solutions and was not dependant on the time of 
soaking but the various slice thickness had varying 
quantity of β-carotene with the 4 mm thickness 
having the highest amount for each salt solution. 
There was also no difference between the β-
carotene content of the treated and the untreated 
dried samples. However, the β-carotene content 
was generally observed to increase with slice 
thickness. The amount of β-carotene in the 4 mm 
slice thickness might be attributed to 
 
initial quantity in the slice. Also, the β-carotene 
contents of the dried slices (treated and untreated) 
were much lower than that of the whole tuber 
 
(unpeeled) potato sample (2.752 µg/g sample) as 
shown in Table 1. These observations suggest that the 
osmotic treatment had minimal or no leaching effect on 
the β-carotene in the samples, and that the obtained loss 
of β-carotene in the dried samples compared with the 
untreated potato samples may have arisen from the 
drying process. β-carotene is not soluble in water and is 
insoluble in polar solvents like NaCl solution, which 
was used for the osmotic pre-treatment in the 
present work. Similar degradative effects of heat 
and/or oxidation on  
β-carotene in food products have been reported by 
some authors (Leng et al., 2011; Eluagu and 
Onimawo, 2010; Truong and Avula, 2010). 
 
 
 
Table 6: Instantaneous values of moisture diffusivity of potato slices during oven-drying (m
2
/s) 
 
Sample NaCl   Time of soaking (min)   
Size (% wt/vol)       
(mm)  20 40 60 80 100  
        
 10 4.62 x 10-7 5.35 x 10-7 4.38 x 10-7 5.83 x 10-7 4.62 x 10-7  
 15 4.13 x 10-7 4.38 x 10-7 3.89 x 10-7 5.59 x 10-7 4.86 x 10-7  
 20 4.13 x 10-7 5.35 x 10-7 3.89 x 10-7 3.68 x 10-7 4.62 x 10-7  
2 25 5.35 x 10
-7 
4.62 x 10
-7 
4.86 x 10
-7 
4.86 x 10
-7 
5.11 x 10
-7  
 30 4.86 x 10-7 3.89 x 10-7 4.62 x 10-7 4.38 x 10-7 4.62 x 10-7  
 Untreated 4.62 x 10-7      
 10 9.85 x 10-7 9.30 x 10-7 9.85 x 10-7 9.30 x 10-7 8.21 x 10-7  
 15 8.75 x 10-7 8.75 x 10-7 8.21 x 10-7 1.09 x 10-6 7.66 x 10-7  
 20 9.30 x 10-7 8.75 x 10-7 9.85 x 10-7 9.85 x 10-7 1.09 x 10-6  
3 25 7.66 x 10
-7 
8.75 x 10
-7 
8.75 x 10
-7 
1.09 x 10
-6 
9.85 x 10
-7  
 30 7.11 x 10-7 8.75 x 10-7 8.21 x 10-7 1.04 x 10-6 9.30 x 10-7  
 Untreated 9.85 x 10-7      
 10 1.26 x 10-6 1.36 x 10-6 1.17 x 10-6 1.17 x 10-6 1.26 x 10-6  
 15 1.26 x 10-6 1.36 x 10-6 1.36 x 10-6 1.17 x 10-6 1.07 x 10-6  
 20 1.36 x 10-6 1.36 x 10-6 1.17 x 10-6 1.17 x 10-6 1.36 x 10-6  
4 25 1.46 x 10
-6 
1.36 x 10
-6 
1.17 x 10
-6 
1.17 x 10
-6 
1.17 x 10
-6  
 30 1.46 x 10-6 1.17 x 10-6 1.26 x 10-6 1.26 x 10-6 1.36 x 10-6  
 Untreated 1.36 x 10-6      
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The β-carotene content (µg/g sample) of the dried 
yellow-fleshed sweet potato samples determined in 
the present work ranged from 0.387 to 0995, 0.623 
to 1.251 and 1.014 to 1.472 for 2 mm, 3 mm and 4 
mm slices respectively. These correspond to 64 to 
86%, 55 to 77% and 47 to 63% loss of β-carotene 
respectively. Ngabire and Vasanthakaalam (2011) 
in their work reported similar β-carotene content of 
 
46.6 µg/g-dwb and 49.9 µg/g-dwb for two varieties 
 
of yellow-fleshed sweet potato and also cited an 
earlier work which reported values between 0.1 
and 0.6 mg/100g-dwb (i.e. between 1 and 6 
µg/g-dwb) for some yellow and purple-fleshed 
sweet potatoes in Hawaii. Eluagu and Onimawo 
(2010) also reported similar β-carotene content of 
two varieties of oven-dried orange-fleshed sweet 
potato flours to be 1.54 µg/g and 4.24 µg/g for 
blanched, and 3.48 µg/g and 5.48 µg/g for 
unblanched samples. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2: β-Carotene (µg/g sample) in 10% NaCl solution Fig. 3: β-Carotene (µg/g sample) in 15% NaCl solution 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4: β-Carotene (µg/g sample) in 20% NaCl solution 
Fig. 5: β-Carotene (µg/g sample) in 25% NaCl solution 
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Fig. 6: β-Carotene (µg/g sample) in 30% NaCl solution 
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Conclusion  
The osmotic pre-treatment of the sweet potato 
slices in salt solution resulted in the reduction of 
the moisture content of the slices. Although, the 
treatment with salt solution had no leaching effect 
on β-carotene content, although, NaCl solution 
may have acted as anti oxidant to the β-carotene in 
potato tuber samples; the subsequent oven-drying 
degraded the β-carotene in the dried samples. 
Both the water out flow and heat degradation 
of β-carotene in the slices was dependent upon the 
slice thickness. Pre-treatment in an osmotic 
solution (NaCl) could be an energy saving 
cost to the dehydration of food samples. 
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